| PROGRAMMATIC CONSIDE RATIONS

| Risk assessment
The tremendous importance of risk assessment is demonstrated by its pervasiveness in nearly every current guidance publication that applies to working with biohazards or animals. The National Institutes of Health (NIH) publication, Biosafety in Microbiological and Biomedical Laboratories (BMBL), contains a detailed discussion of the process and importance of conducting an effective biological risk assessment. 1(p9) The Guide for the Care and Use of Laboratory Animals (Guide) stresses the importance of risk assessment in mitigating hazards associated with the experimental use of animals, and specifically discusses the need for assessing hazards associated with animal experimentation involving hazardous agents. 2(p18) Since the basic components of the risk assessment process are universal, it can be applied to most situations involving the potential exposure to a hazard in the workplace. When working with biohazards, a common approach is to use an agent-and activity-based risk assessment that involves the following components: identification of the hazard;
identification of the activities that can result in exposure to a hazard; the likelihood of the hazard to cause harm upon exposure; and determining the possible consequences. 1(p16) A risk assessment matrix is a common tool used to visualize and quantify the overall risk and is based on 2 criteria: the likelihood or the probability of the event occurring; and the consequences or the severity of the impact if the risk occurs. 3(p1297) When working with animals, it is critical that the additional risks the animals and related experimental activities create are factored into the risk assessment equation. The information provided by the risk assessment is then used to establish the appropriate biosafety levels and safeguards. It is important to realize that risk assessments are an ongoing process, since the risk may change during the conduct of the study.
| Animal biocontainment program
A fundamental objective of any biosafety program is the containment of potentially hazardous biological agents and toxins, and the term biocontainment is used to describe safe methods, facilities and equipment for managing infectious materials and biological toxins in the laboratory environment where they are being handled or maintained. Within an animal biocontainment facility, hazardous material also includes animals exposed to pathogenic organisms or biological toxins, biological specimens, animal tissues, and associated waste. A quality animal biocontainment program (BCP) results in the reduction or elimination of laboratory workers, animal care, staff and the outside environment exposure to hazardous materials. A biocontainment animal facility should have a single qualified manager who has both responsibility and authority for all animal-related activities conducted within the biocontainment envelope. The manager will need to work closely with the principal investigator, biological safety professionals, veterinarians, and facility personnel to develop the animal biocontainment program, coordinate safety training, and provide oversight of the activities involving hazardous agents within the animal facilities.
As part of the BCP, the manager should initially develop or adopt a biosafety manual that identifies the hazards that will or may be encountered, and specifies equipment, practices and procedures designed to minimize or eliminate exposures to these hazards. When standard laboratory practices are not sufficient to control the hazards associated with a particular agent or laboratory procedure, additional measures may be needed. In those cases, safety practices and techniques must be supplemented by appropriate facility design and engineering features, safety equipment, personal protective equipment, and management practices.
3(p1319)
The manager plays an important role in ensuring that personnel receive appropriate training in the practices and operations specific to the animal facility and hazardous agent, such as animal handling procedures, manipulations of animals exposed to biohazards, and necessary precautions to prevent potential exposures. Working with animals in a hazardous environment increases the level of risk to personnel over standard in vitro laboratory activities through the introduction of the potential for bites and scratches and the use of sharps for injection, sample collection and necropsy procedures. The increase in risk factors requires that personnel are highly skilled in performing all the needed tasks and can operate safely in the hazardous environment. Training on task-specific activities and general biosafety are both of critical importance in order for staff to maintain a high level of safety. In addition to training, one must also include knowledge, competence and performance in order to evaluate the effectiveness of training. Knowledge is how well students understand what is being taught; competence is demonstrating how to accomplish each task successfully under controlled circumstances;
and performance is what is done under actual work conditions in the laboratory or animal facility. 4 There are many approaches to implementing an effective training program and most institutions use a combination of activities, such as didactic sessions, online modules, personal mentoring, tests, and hands-on demonstration. The training program should also include a process for providing routine refresher training and ensuring that training is documented in accordance with the many regulatory agencies and guidelines that apply to the type of work being performed. 5 It is important that all personnel that have access to areas in which hazardous materials are used are included in the appropriate aspects of the training program.
There should be standard operating procedures (SOPs) for working with biohazards and infected animals, and each person having contact with the agent or infected animal should understand the SOPs, know the anticipated outcomes associated with the agent in use, be adequately trained in handling exposed animals, be determined competent to perform all procedures and be properly super- The biological safety cabinet (BSC) is the principal device used to contain biohazards and is considered a primary barrier. Biosafety cabinets are designed to protect the individual using the cabinet and the environment through the use of directional air flow and high efficiency particulate air (HEPA) filtration. To be effective, a BSC must be well maintained, regularly tested and certified using an appropriate standard. 9 Personnel must be trained to use them properly. According to the BMBL, those procedures that involve the manipulation of infectious materials must be conducted within biological safety cabinets, or other physical containment devices that provide the same level of protection. There are 3 classes of BSCs: I, II, and III and a full description of these cabinets can be found in the BMBL. 1(p291),10 A biosafety professional must be consulted to ensure that the correct type of BSC for the agent, animal species, and activities that are being performed is selected.
| Animal housing and movement
As stated above, working with hazardous agents is usually done within a BSC to contain the agent. When infected animals are considered the "hazardous agent," a primary concern is how to contain the hazard. Procedures, such as cage changes or inoculations which may generate aerosols or expose the individual to the agent, should be performed in a BSC. Since the animals themselves are rarely housed in BSCs, they must be housed in a caging system that pro- 
| Animal facility
As stated earlier, the facility provides secondary containment of the hazard and incorporates barriers into the design and construction of the facility that may include features such as autoclaves, specialized ventilation that provides directional airflow, air filtration, controlled access zones, or airlocks located at laboratory entrances. 1(p23) Facilities in which biohazards are used should meet or exceed the standards set forth in the BMBL. Table 1 small plastic beaker can be used to safely cover the sharp end of a needle if needed between uses. 13 In the containment area, additional practices include using a pair of forceps to remove needle caps;
always directing the needle away from the individual; having an 
| Waste disposal
Waste streams must be clearly identified to ensure the proper decon- These companies can be an excellent resource for obtaining training on identifying waste streams and for help with developing internal waste handling procedures that meet regulatory requirements.
| Sanitation procedures
In animal husbandry, sanitation is the maintenance of environmental conditions conducive to the health and well-being of the animal, and involves bedding changes, cleaning, and disinfection. 
| Preplacement medical evaluations
Workers who may be exposed to biohazardous agents and toxins should be enrolled in an OHSP and receive a preplacement/preassignment medical evaluation. 1(p115),13,17(p7) Determining which personnel will be provided occupational healthcare services is not based solely on job titles and classifications, but rather is based on a risk assessment of potential exposure. 18 
| SUMMARY
The ability to work safely with animal models exposed to biohazards depends on multiple factors, several of which are presented in this article for consideration. Working in or managing an animal biocontainment program requires a thorough understanding of the basic principles of containment, including both the engineering and procedural controls necessary to protect both personnel and the animals with which they work. Work conducted with biohazardous agents requires a thorough risk assessment, specialized equipment and procedures, and knowledgeable and well-trained personnel. Personnel must be fully aware of the highly regulated environment that accompanies this type of work and they must have a profound appreciation for the serious consequences of noncompliance. Working with animals exposed to biohazardous agents requires a high level of skill and awareness to overcome some of the challenges of the biocontainment environment, but the positive impact on society and one's own professional fulfillment can be great. While this article is not a comprehensive review of all the aspects of working with animals exposed to biohazards, it provides a basis for understanding the complexity of the environment and provides additional reference materials for anyone working in this area or considering it as a career path.
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